Chronic obstructive pulmonary disease (COPD) is an irreversible disease of the lungs that is characterized by distal airway dysfunction and obstruction to airflow.[@ref1],[@ref2] It is not a single disease but a broad term frequently used to describe chronic lung diseases that limit airflow. The criterion for diagnosing COPD is the forced expiratory volume in one second/forced vital capacity ratio of \<70%.[@ref3],[@ref4] Patients with COPD suffer several symptoms such as chronic cough, excessive sputum production, breathlessness, and limitation of physical abilities. The World Health Organization (WHO) reported that COPD is the fourth leading cause of death.[@ref1] In United States, studies reported that 6% of adults have COPD.[@ref5] The estimated cost of care of COPD was \$50 billion in 2016.[@ref6] Chronic obstructive pulmonary disease is not a curable disease, so the goal of therapy is to alleviate its symptoms and to reduce mortality. Pharmacologic interventions have been widely used in its management, but mortality is still high.[@ref7],[@ref8] Combining pharmacologic therapy with other interventions enhances the effectiveness of management of COPD. Such intervention includes smoking cessation, physical exercise, vaccination, oxygen therapy, and pulmonary rehabilitation.[@ref9],[@ref10]

Pulmonary rehabilitation is an evidence-based and multi-disciplinary intervention that is used as an adjunct to pharmacologic therapy in the management of COPD.[@ref11] The American Association of Cardiovascular and Pulmonary Rehabilitation (AACVPR) published the first evidence-based pulmonary rehabilitation guidelines in 1993. The goals of pulmonary rehabilitation include alleviation of dyspnea, improving muscle strength and physical activity, relieving depression, and substantially improving the quality of life.[@ref12],[@ref13] Typically, pulmonary rehabilitation integrates several components that include assessment, education, exercise, nutritional intervention, psychological support, and evaluation. Pulmonary rehabilitation programs can take place at home as well as in hospital. Both home-based and hospital-based pulmonary rehabilitation programs showed equal outcomes. Pulmonary rehabilitation improves exercise tolerance, reduces dyspnea, alleviates depression, and improves the quality of life in COPD patients, even in those with severe baseline symptoms.[@ref14],[@ref15] Depression is a common comorbidity in patients with COPD.[@ref16] Studies report that depression may cause worsening of the quality of life, social isolation, physical impairment, prolonged hospitalization, and increased risk of mortality.[@ref17],[@ref18] Recent reviews have reported that 25% of COPD patients have some degree of depression.[@ref19] Reasons include the chronic dyspnea that is common in the disease, deterioration in the quality of life, and the side effects of medication.[@ref14] Depression may interfere with the outcomes of pulmonary rehabilitation.

Management of depression is a major goal for pulmonary rehabilitation in order to improve the outcomes.[@ref12],[@ref15] However, it is not known whether a clinically significant improvement can be achieved in patients older than 70.[@ref20],[@ref21] Testing if pulmonary rehabilitation benefits older COPD participants would maximize the benefits for participants by assigning patients who are unlikely to benefit from alternative treatment options. Thus, the purpose of the current study is to identify if there is a clinically significant alleviation in depression among COPD patients over the age of 70 years who participate in a pulmonary rehabilitation program.

Methods {#sec1-2}
=======

Published studies were sought and reviewed from multiple sources such as PubMed, Cumulative Index for Nursing and Applied Health Science (CINAHL), Medical Literature Analysis and Retrieval System Online (MEDLINE), and the Cochrane Library. The search terms included pulmonary rehabilitation, depression, COPD, and elderly patients in various combinations.

The current study was a retrospective secondary analysis of a database of COPD participants in a hospital-based pulmonary rehabilitation program in Ohio (N=105) (University Hospitals, Cleveland, OH, USA). The database included profiles of pulmonary rehabilitation participants from 2010-2014.

Inclusion criteria {#sec2-1}
------------------

The inclusion criteria for the current study were as follows: participants older than 70 years, a diagnosis of COPD prior to enrollment, as defined by the Global Initiative for Chronic Obstructive Lung Disease,[@ref22] and having attended at least 6 pulmonary rehabilitation sessions (participants who attended fewer sessions had been identified as not receiving sufficient pulmonary rehabilitation.[@ref23],[@ref24]

Instruments {#sec2-2}
-----------

The instruments used were the St George's Respiratory Questionnaire, the Beck Depression Inventory, the Modified Medical Research Council (MMRC) Dyspnea Scale, and the Six Minutes Walk Test.

St George's Respiratory Questionnaire (SGRQ).[@ref25] {#sec2-3}
-----------------------------------------------------

St George's Respiratory Questionnaire was used to measure health related quality of life. The SGRQ comprises 76 self-reported items that measure the impact of airway disease on the quality of life. It has 3 parts: the first measures the severity of the COPD symptoms; the second measures the limitations to activity caused by COPD; and the third measures the impact of COPD on the social functioning of a patient. The SGRQ items are measured in different formats: Likert scale, multiple choice, and true/false. The scores range from 0-100, with a higher score indicating poorer quality of life. Completion of the SGRQ takes approximately 10 minutes.

Beck Depression Inventory.[@ref26] {#sec2-4}
----------------------------------

The Beck Depression Inventory is a questionnaire of 21 self-reported items that measure the level of depression in adult patients. A score in the range 0-9 indicates minimal depression, 10-18 mild depression, 19-29 moderate depression, and 30-63 severe depression.

Modified Medical Research Council (MMRC) Dyspnea Scale.[@ref27] {#sec2-5}
---------------------------------------------------------------

This is a 5-grade self-reported scale that measures disability caused by dyspnea. The range of grades is 1-5, the higher the grade meaning the more disability that is caused by dyspnea.

Six minutes walk test.[@ref28] {#sec2-6}
------------------------------

This is used to measure exercise capacity, by the distance in meters that a patient can walk in 6 minutes: The greater the distance, the better the exercise capacity.

Pulmonary rehabilitation program {#sec2-7}
--------------------------------

The pulmonary rehabilitation program in this study took place in a hospital in the State of Ohio, USA between 2010 and 2014. In the first part of pulmonary rehabilitation a comprehensive assessment of the patient's health status was made, from interviewing the patient and information obtained on health history, diagnostic procedures, nutritional status, educational needs, signs and symptoms, and body mass index. The patients completed all 4 tests. The second part, through to the end of the pulmonary rehabilitation, consisted of one-hour exercise sessions. Each session involved 3 types of exercise: aerobic exercise, strength training, and stretching. The patients performed 15 minutes on the treadmill, followed by another 10 minutes of stationary cycling, then completed the session by stretching and strength-testing using bands and dumbbells. Five minutes' rest was allowed between each type of exercise. The feedback at the end of each weekly exercise session included education on nutrition and self-management. Each patient was given the maximum number of exercise sessions covered by his health insurance. At the end of the pulmonary rehabilitation program, the patient again completed each of the 4 tests.

Data collection procedures {#sec2-8}
--------------------------

Institutional review board approval was obtained for this study from the participating center. The records were cleaned, reviewed, and analyzed. The data comprised comorbidity, health history notes, pulmonary function test results, pulmonary rehabilitation session reports, health-related quality of life (measured by the SGRQ), exercise capacity (measured by the Six Minute Walk Test), and depression (measured by the Beck Depression Inventory) values at the baseline and after completion of the pulmonary rehabilitation program. The characteristics of the participants at baseline are described in **[Table 1](#T1){ref-type="table"}**.

###### 

Baseline characteristics of the participants.
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Statistical analysis {#sec2-9}
--------------------

Data were analyzed using the Statistical Package for Social Sciences (SPSS Inc., Chicago, IL) version 22. A paired-sample t test was conducted to compare the level of depression at baseline and after completion of the rehabilitation program. Logistic regression was conducted to discover predictors of clinically significant improvement in depression. All assumptions of regression were met. Clinically significant change in depression scores from the baseline to the end of rehabilitation was defined as a change of more than 3 points on the Beck Depression Inventory.[@ref21] Frequency analysis was conducted to identify which participants achieved clinically significant improvement in depression and those who showed no improvement or became worse.

Results {#sec1-3}
=======

Change in depression from the baseline to the end of rehabilitation was categorized as clinically significant or clinically not significant. The former comprised participants whose depression decreased by 3 or more points on the Beck Depression Inventory, from the baseline to the end of rehabilitation; the latter was all other participants.

The results from paired-sample t-tests showed a statistical (and clinically) significant improvement in the level of depression from baseline to after completion of pulmonary rehabilitation (mean±SD: 105±5.6, *p*=0.00). The mean depression score for participants at the end of pulmonary rehabilitation (mean±SD: 9±4.3) was significantly lower than the baseline score (mean±SD: 17±7.8). Frequency analysis showed that 77 participants (73%) showed a clinically significant improvement in depression at the end of rehabilitation (as defined as above); however, 20 participants (19%) showed no clinically significant improvement, and 8 (8%) were clinically more depressed by the end of rehabilitation (defined as an increase in the Beck Depression Score of more than 3 points from the baseline to the end of rehabilitation).

Logistic regression revealed that the model with the predictors was significant, as the set of baseline predictors reliably discriminated between participants who achieved clinically significant improvement in the level of depression and those who did not: *x^2^*(10)=43.8, *p*=0.00. The model explained 47% of the variance in the change of depression and correctly classified 81% of the cases. The baseline level of depression was the only significant predictor of clinical significant improvement in the level of depression after completion of pulmonary rehabilitation (OR=1.3, *p*=0.00). Participants who were more depressed at the baseline were 1.3 times more likely to achieve clinically significant improvement in their level of depression after completion of the pulmonary rehabilitation program (**[Table 2](#T2){ref-type="table"}**).

###### 

Predictors of improvement in depression in patient of pulmonary rehabilitation.
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Discussion {#sec1-4}
==========

The purpose of this study was to identify if there was a significant improvement in symptoms of depression among patients with COPD who participated in a pulmonary rehabilitation program, and to investigate predictors at baseline that anticipate clinically significant improvement in depression scores in older participants with COPD. We tested a model of variables based on a review of the literature. Variables supported by previous studies to effect a change of depression among COPD patients in pulmonary rehabilitation were selected, and included health related quality of life, exercise capacity,[@ref15] body mass index,[@ref5] dyspnea as measured by the MMRC dyspnea scale,[@ref12] smoking,[@ref14] diabetes mellitus,[@ref29] hypertension,[@ref19] and number of sessions attended.[@ref10] We found a clinically significant improvement between the baseline level of depression and after completion of pulmonary rehabilitation. Baseline depression predicted the clinical improvement in depression at the end of pulmonary rehabilitation.

Our findings are consistent with others who reported that elderly patients (whose mean age is 71 years) achieved a clinically significant reduction in depression following rehabilitation.[@ref30],[@ref31] Moreover, our findings are consistent with studies that concluded that patients over 71 attained similar alleviation from depression, but also that elderly patients should not be excluded from pulmonary rehabilitation.[@ref20] Finally, the present study's findings exactly match those of Smid et al,[@ref32] who concluded that older patients should not be excluded from pulmonary rehabilitation.

Our findings are in contrast with previous research that found no significant reduction in symptoms of depression among older COPD patients who participated in a pulmonary rehabilitation program for 3 months (*p*\>0.05).[@ref33] A possible reason for this difference in findings is that the majority of the patients we enrolled had mild or moderate depression, while the other studies enrolled more moderate to severely depressed patients. Hence, future studies are recommended to include more patients with severe depression.

Strengths and limitations. The major limitation of the study is the selection of patients from one pulmonary rehabilitation program only, which limits the generalizability of the findings. We recommend future studies collect a random sample from several pulmonary rehabilitation programs. Another limitation is that the study is a retrospective analysis of registry data, which has a greater risk of missing values, affecting the accuracy of the findings. Important data such as the forced expiratory volume in 1 second (FEV1), and the scores in the sub-scales for the SGRQ, Beck inventory, and forced vital capacity were missing. Future research is encouraged to design a model that gives more control over the quality of data. As reported above, most patients in our study had mild or moderate depression so we are unable to come to a conclusion about the benefit of pulmonary rehabilitation in patients with severe depression. We recommend future studies to select more patients with moderate and severe depression. Finally, the Beck Depression Inventory is a self-reported measure, and future studies are recommended to use instruments of more objective measures. Despite these limitations, the study does have several strengths. First, the sample size was large enough to support the validity of the findings. Secondly, the study tested a model that included several variables that are known to affect depression according to the literature, which added to the validity of the findings.

In conclusion, pulmonary rehabilitation is an effective treatment for depression in older patients with COPD. They should not be excluded from pulmonary rehabilitation, as the patients with worse baseline depression are more likely to achieve clinically significant alleviation of their depression.
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